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Abstract  
 
There is only sparse evidence on the implications of price discreteness in empirical studies using 
high frequency data. This thesis deals with the issue of discreteness in irregularly spaced data, 
and its theme is the investigation of two important aspects of discreteness. In particular, the 
compass rose pattern and price clustering in the individual equity options market are primarily 
studied. Also, price clustering is covered in the Initial Public Offerings (IPOs) primary market 
and its evolution in the secondary market is documented.  
 
The first contribution of the thesis is the design of a new method for data cleaning in options 
contracts. The data filtering technique adheres to the market structure of individual equity 
options. The filter is tested using an options database from the NYSE-Euronext London 
International Financial Futures & Options Exchange (Euronext-LIFFE).  
 
The first empirical chapter studies the compass rose pattern. The results show that even though 
the tick/volatility ratio performs very well in most cases, it is not a consistent measure of the 
pattern‟s strength. This is the first study that documents the relationship of the compass rose 
pattern with intraday price reversals. It is found that price reversals resemble a diagonal line 
which is embedded in the compass rose pattern and can only appear at higher sampling 
frequencies. A discussion on the determinants of return reversals shows that, in contrast with 
previous studies, less information is disseminated at the exchange at the market open and market 
close. Instead, a strong link with the release time of the scheduled macroeconomic 
announcements is reported.  
 
The second empirical chapter studies price clustering, comparing equity and options markets. 
Price clustering in the equity market is one-dimensional, thus the price level and the volatility of 
the prices are the main factors which explain the level of price clustering. In contrast, price 
clustering in option contracts has embedded time and value elements. Time to maturity is 
negatively associated with price clustering and also a strong negative association between 
moneyness and price clustering is found. Finally, it is reported that the Designated Market Maker 
Scheme at Euronext-LIFFE has little influence on price clustering in individual equity options 
contracts.  
 
The final empirical chapter is the first study to systematically investigate price clustering in new 
equity assets at the London Stock Exchange. A high frequency dataset is used to test the 
hypotheses that past price information and market maker activities are related to price clustering 
in these assets. Price clustering in IPOs is substantially greater than the clustering observed for 
non-IPO assets, which validates the hypothesis that the decision of going public is followed by 
haziness about the true price. Underpricing is a significant determinant of price clustering, which 
supports the notion that underpriced IPOs partially reflect price uncertainties. Tick size 




I would like to thank my supervisor, Professor Owain ap Gwilym for his constant support and 
encouragement. Also, I am grateful to Dr. Mark Rhodes and Mr. Nick Perdikis. I am indebted to 
my PhD colleagues at the School of Management and Business and especially to my fellow 




































“Love each man according to his contribution in the struggle. Do not seek friends; seek comrades-in-
arms.  
 
Be always restless, unsatisfied, unconforming. Whenever a habit becomes convenient, smash it! The 
greatest sin of all is satisfaction.” (N. Kazantzakis)  
 
Table of Contents  
 
Dedication................................................................................................................................. II  
Declaration ............................................................................................................................. III  
Abstract .................................................................................................................................... IV  
Acknowledgements ................................................................................................................. VI  
List of Tables ........................................................................................................................... XI  
List of Figures ...................................................................................................................... XIII  
Chapter 1. Introduction ............................................................................................................. 1  
Chapter 2. The Fundamentals of Market Microstructure ........................................................ 9  
2.1. Introduction ......................................................................................................................... 9  
2.2. Market Structures ............................................................................................................. 10  
2.2.1. Primary Markets .................................................................................................................. 11  
2.2.2. Secondary Markets ............................................................................................................... 12  
2.2.2.1. Dealer markets .................................................................................................................. 13  
2.2.2.2. Auction markets ................................................................................................................ 14  
2.2.3. Derivatives markets............................................................................................................... 15  
2.3. Market Participants ........................................................................................................... 16  
2.3.1. Market Makers ..................................................................................................................... 16  
2.3.2. Buy-side Investors ................................................................................................................ 17  
2.4. Order Types ....................................................................................................................... 18  
2.4.1. Market Orders ...................................................................................................................... 18  
2.4.2. Limit Orders ........................................................................................................................ 18  
2.5. Theoretical Studies on Market Microstructure ................................................................. 20  
2.5.1. Inventory Models ................................................................................................................. 20  
2.5.2. Information-based Models ..................................................................................................... 25 
 2.5.3. Limit Order Models ............................................................................................................................ 32  
2.6. Price Discreteness ................................................................................................................. 36  
2.6.1. Why Discreteness? .............................................................................................................................. 36  
2.6.2. Theoretical Work on Discreteness ...................................................................................................... 37  
2.7. Price Clustering .................................................................................................................... 42  
2.8. The Compass Rose Pattern .................................................................................................. 45  
2.9. Conclusion.............................................................................................................................. 48  
Chapter 3. Review of Empirical Literature on Price Clustering .......................................... 57  
3.1. Introduction .......................................................................................................................... 57  
3.2. The Primary Market ............................................................................................................ 60  
3.3. The Secondary Market ......................................................................................................... 61  
3.3.1. Order-Driven and Hybrid Market Structures ...................................................................................... 61  
3.3.2. Quote-Driven Market Structure .......................................................................................................... 67  
3.3.2.1. The Collusion Argument ................................................................................................................. 67  
3.3.2.2. The SEC Reforms and Decimalization ............................................................................................ 74  
3.4. Price Clustering in the Forex and OTC Markets .............................................................. 77  
3.5. Price Clustering in Derivatives Markets ............................................................................ 81  
3.6. Conclusion.............................................................................................................................. 83  
Chapter 4. Data Cleaning ...................................................................................................... 87  
4.1. Introduction ....................................................................................................................... ... 87  
4.2. Existing Studies on UHFD Cleaning ......................................................................... ......... 90  
4.3. Steps for Detecting Outliers in UHFD ................................................................................ 93  
4.3.1. Microstructure Effects ......................................................................................................................... 93  
4.3.2. Statistical Data Mining and Robustness .............................................................................................. 95  
 4.4. Data and Returns’ Calculation .................................................................................... 97  
4.5. An Algorithm for Detecting Outliers in Individual Equity Options.....................    101  
4.6. Results and Analysis .................................................................................................... 104  
4.7. Conclusion..................................................................................................................... 107  
Chapter 5. The Compass Rose Pattern in Individual Equity Options ......................... 115  
5.1. Introduction .................................................................................................................. 115  
5.2. Literature Review ........................................................................................................ 118  
5.2.1. Statistical Properties .................................................................................................................. 118  
5.2.2. Predictability and Implications for Statistical Tests .................................................................. 123  
5.3. Data and Methods ........................................................................................................ 125  
5.4. Analysis ......................................................................................................................... 128  
5.4.1. Properties of the Compass Rose Pattern in Options Contracts ................................................. 128  
5.4.2. Empirical Observations of the Compass Rose Pattern in Options Contracts ............................ 133  
5.4.3. The Compass Rose Pattern and Return Reversals ..................................................................... 140  
5.5. Conclusion...................................................................................................................... 147  
Chapter 6. Price Clustering in Individual Equity Options ............................................ 159  
6.1. Introduction .................................................................................................................. 159  
6.2. Price Clustering in Derivatives Markets .................................................................... 162  
6.2.1. Futures Contracts ....................................................................................................................... 162  
6.2.2. Options Contracts ...................................................................................................................... 167  
6.3. Price Clustering in Options Contracts: Theory and Rationale ............................... 169  
6.3.1. General Clustering Characteristics ........................................................................................... 169  
6.3.1.1. Time-Price Option Specific Characteristics ........................................................................... 171  
6.3.2. Consequences of Clustering ...................................................................................................... 172  
6.3.2.1. Clustering as the Price of Liquidity ........................................................................................ 172  
 6.3.3. A Theory of Clustering in Options Contracts ......................................................................... 175  
6.4. Data and Methodology .............................................................................................. 181  
6.5. Analysis ....................................................................................................................... 191  
6.5.1. Univariate Analysis Results .................................................................................................... 191  
6.5.2. Multivariate Analysis Results ................................................................................................. 201  
6.6. Conclusion................................................................................................................... 207  
Chapter 7. Price Clustering and Underpricing in the IPO Aftermarket. ................... 231  
7.1. Introduction ................................................................................................................ 231  
7.2. Literature Review ...................................................................................................... 234  
7.3. The Data ..................................................................................................................... 238  
7.4. Explanatory Variables in the Multivariate Analysis .............................................. 240  
7.5. Analysis ....................................................................................................................... 242  
7.5.1. Initial Characterisation of Price Clustering ............................................................................. 242  
7.5.2. Multivariate Analysis Results ................................................................................................. 247  
7.6. Conclusion................................................................................................................... 250  
Chapter 8. Conclusion ................................................................................................. 260  
Bibliography ................................................................................................................. 271  
List of Tables  
 
Chapter 3: Review of Empirical Literature on Price Clustering  
TABLE 3-1: MARKET REFORMS ............................................................................................................... 85  
TABLE 3-2: STUDIES ON THE SEC REFORMS ............................................................................................ 86  
Chapter 4: Data Cleaning  
TABLE 4-1: THE EVOLUTION OF THE DATA FILTER (TRADES ONLY) ....................................................... 108  
TABLE 4-2: THE EVOLUTION OF THE DATA FILTER (BIDS ONLY) ............................................................ 109  
TABLE 4-3: THE EVOLUTION OF THE DATA FILTER (ASKS ONLY) ........................................................... 110  
TABLE 4-4: PRICE LEVEL, MINIMUM TICK SIZE AND THE EVOLUTION OF THE DATA FILTER ................... 111  
Chapter 5: The Compass Rose Pattern in Individual Equity Options  
TABLE 5-1: PRICE LEVEL, TICK/VOLATILITY RATIOS AND VISUAL INSPECTION OF THE COMPASS ROSE  
        PATTERN FOR ALL CONTRACTS. ........................................................................................................ 149  
TABLE 5-2: STANDARD DEVIATION ESTIMATES FOR ALL CONTRACTS ................................................... 150  
TABLE 5-3: TRANSACTION FREQUENCY ESTIMATES FOR EACH QUADRANT ........................................... 151  
TABLE 5-4: OLS REGRESSIONS ............................................................................................................. 152  
 
Chapter 6: Price Clustering in Individual Equity Options  
TABLE 6-1: HYPOTHESES ...................................................................................................................... 211  
TABLE 6-2: DESCRIPTIVE STATISTICS ................................................................................................... 212  
TABLE 6-3: CORRELATION (MULTIVARIATE ANALYSIS) ....................................................................... 213  
TABLE 6-4: PRICE CLUSTERING IN EQUITY OPTIONS (% OF PRICES AT INTEGERS) ................................ 214  
TABLE 6-5: CORRELATION COEFFICIENTS ............................................................................................. 216  
TABLE 6-6: CHI-SQUARE TEST STATISTIC ............................................................................................. 217  
TABLE 6-7: STANDARDISED RANGE AND HHI TESTS ............................................................................ 219  
TABLE 6-8: PRICE LEVEL CLUSTERING ................................................................................................. 221  
TABLE 6-9: TRADE SIZE CLUSTERING ................................................................................................... 222  
TABLE 6-10: EXPIRATION DATES CLUSTERING ..................................................................................... 223  
TABLE 6-11: DAY OF THE WEEK ........................................................................................................... 224  
TABLE 6-12: PRICE CLUSTERING ON EXPIRATION VS. NON-EXPIRATION FRIDAYS ................................. 225  
TABLE 6-13: PRICE CLUSTERING BY TICK SIZE, OPTION TYPE, TRADE TYPE, MATURITY AND  
              MONEYNESS ............................................................................................................................... 226  
TABLE 6-14: OLS REGRESSIONS BY TICK SIZE, OPTION AND TRADE TYPE .......................................... 228  
 
Chapter 7: Price Clustering and Underpricing in the IPO Aftermarnet  
TABLE 7-1: PRICE FORMATS IN DIFFERENT MARKET SEGMENTS .......................................................... 252  
TABLE 7-2: DISTRIBUTION OF FINAL DIGITS ......................................................................................... 253  
TABLE 7-3: INTEGER PRICE CLUSTERING ACROSS MARKET SEGMENTS ............................................... 254  
TABLE 7-4: INTRADAY PATTERN OF CLUSTERING ................................................................................. 255  
TABLE 7-5: CORRELATION STATISTICS ................................................................................................. 256  
TABLE 7-6: INTRADAY AGGREGATED REGRESSION .............................................................................. 257  
List of Figures  
Chapter 1: Introduction  
FIGURE 1-1: INDIVIDUAL EQUITY OPTIONS CONTRACTS MONTHLY VOLUME AT EURONEXT-LIFFE ........ 8  
 
Chapter 2: The Fundamentals of Market Microstructure  
FIGURE 2-1: PRIMARY MARKET STOCK TRANSACTION ............................................................................ 50  
FIGURE 2-2: BROKERS AND DEALERS ...................................................................................................... 51  
FIGURE 2-3: THE COMPETITIVE AND MONOPOLY SPREADS ...................................................................... 52  
FIGURE 2-4: THE EVOLUTION OF THE LIMIT ORDER BOOK ....................................................................... 53  
FIGURE 2-5: AN AGENT'S ORDER CHOICE ................................................................................................. 54  
FIGURE 2-6: A TRADER'S POSSIBLE TRADING DECISIONS AND THE MARKET STRUCTURE ......................... 55  
FIGURE 2-7: COMPASS ROSE .................................................................................................................... 56  
 
Chapter 4: Data Cleaning  
FIGURE 4-1: DATA FILTER STEPS .......................................................................................................... 112  
FIGURE 4-2: STAGES IN THE PROPOSED OUTLIER DETECTION PROCESS .................................................. 113  
FIGURE 4-3: AVERAGE PRICE LEVEL AND THE HS ALGORITHM ............................................................. 114  
 
Chapter 5: The Compass Rose Pattern in Individual Equity Options  
FIGURE 5-1: 15-MINUTE TIME INTERVAL PLOT OF OPRU. ..................................................................... 153  
FIGURE 5-2: 30-MINUTE TIME INTERVAL PLOT FOR OPRU. ................................................................... 153  
FIGURE 5-3: 15-MINUTE TIME INTERVAL PLOT OF OEMG. .................................................................... 153  
FIGURE 5-4: 30-MINUTE TIME INTERVAL PLOT OF OEMG. .................................................................... 153  
FIGURE 5-5: 15-MINUTE TIME INTERVAL PLOT OF OAZA. ..................................................................... 154  
FIGURE 5-6: 15-MINUTE TIME INTERVAL PLOT OF OCPG. ..................................................................... 154  
FIGURE 5-7: 15-MINUTE TIME INTERVAL PLOT OF OBBL. ..................................................................... 154  
FIGURE 5-8: 30-MINUTE TIME INTERVAL PLOT OF OBBL. ..................................................................... 154  
FIGURE 5-9: PLOT OF OCUA (TRADES). ................................................................................................ 155  
FIGURE 5-10: PLOT OF OTSB (TRADES). ............................................................................................... 155  
FIGURE 5-11: PLOT OF OAAM (TRADES). ............................................................................................. 155  
FIGURE 5-12: UHF PLOT OF OBTG. ..................................................................................................... 155  
FIGURE 5-13: UHF PLOT OF OEMG...................................................................................................... 156  
FIGURE 5-14: UHF PLOT OF ORUT. ..................................................................................................... 156  
FIGURE 5-15: TWO DIMENSIONAL PHASE PORTRAIT OF ELECTRICITY PRICES ...................................... 156  
FIGURE 5-16: UHF PLOT OF OCUA. ..................................................................................................... 156  
FIGURE 5-17: UHF PLOT OF OHSB. ...................................................................................................... 157  
FIGURE 5-18: UHF PLOT OF OEMG....................................................................................................... 157  
FIGURE 5-19: AVERAGE DURATION ESTIMATES ..................................................................................... 157   
 FIGURE 5-20: INTRADAY DISTRIBUTION OF REVERSALS ........................................................................ 158  
FIGURE 5-21: DAILY DISTRIBUTION OF PRICE REVERSALS ..................................................................... 158  
 
Chapter 6: Price Clustering in Individual Equity Options  
FIGURE 6-1: INTRADAY CLUSTERING PATTERN BY TICK SIZE ............................................................... 229  
FIGURE 6-2: PRICE CLUSTERING BY TICK SIZE, OPTION TYPE, TRADE TYPE, MATURITY AND  
               MONEYNESS ............................................................................................................................... 230  
 
Chapter 7: Price Clustering and Underpricing in the IPO Aftermarket  
FIGURE 7-1: DISTRIBUTION OF DECIMAL DIGITS (H TICK, MARKET MAKER TRADES ONLY) ............... 258  
FIGURE 7-2: DISTRIBUTION OF DECIMAL DIGITS (Q TICK, MARKET MAKER TRADES ONLY) ...................................... 259 
